One of lacks of the use of high technologies is the megascopic level of unfavorable electromagnetic smog. Therefore, the study of influencing of the external electromagnetic field (EMF) is actual, within the limits of wide row of frequencies, on man's organs and brain. Objective. Modeling of influences on the brain of electric induction arising up at penetration of the EMF of a different frequency in the reserved sphere. Methods. A mathematical model of the EMF influence on human brain is considered. Namely, the model of a multi stratified sphere as an approximation of a human head is proposed. This sphere embedded into the unlimited nonconductive space (σ0 = 0) of the dielectric constant ε0. Skin and bones of head have a magnetic permeability of vacuum μ0. Influences on a brain are given as induction of the electric field, arising up at penetration of the variable electromagnetic field in the reserved sphere. Results. The results of numerical calculations for the three-layered model of head showed that induced of the electric field in the layer of brain has increased on the frequencies 10 7 -10 8 Hz of external EMF. Distributions on the sphere of electromagnetic fields with f ≤ 10 6 Hz leave their amplitudes by unchanged regardless of depth of penetration. Fading of amplitudes shows up only for frequencies 10 7 and 10 8 Hz. Conclusions. Exposed in a model changes of electromagnetic waves on the frequencies 10 7 -10 8 Hz can activate the parameters central nervous system and brain, that substantially will affect of man's activity. Will allow the further study of influencing of the electromagnetic field of a different frequency to identify to extent of brain activity, and also stress, positive and negative influencing of external EMF.
Introduction
One of the modern high-tech society features is an enhanced level of the electromagnetic unfavorable background known as the electromagnetic smog, which is one of the modern high-tech society disadvantages and the presence of such additionally induced electromagnetic fields within the broad range of frequencies must be taken into account since these different frequencies electromagnetic field background is quite typical for the environment. Its influence on a human organism, especially on the human brain, especially within a super high frequency (SHF) range (f = 15-750 MHz), is of immense scientific interest [1, 2] .
Although this topic is being investigated for a longer time, there is the most harmful difficulty in the field studied. As far as the influence of superhigh-frequency radiations on biological objects is concerned, no the unified approach is proposed to investigate this complicated problem yet. In spite of this fact, numerous theoretical and experimental case studies were carried out during the last decades as reviewed in [1, 3] . The results published make it possible to distinguish two principal classes of the electromagnetic SHF radiation effects on living organisms, namely thermal and non-thermal bioeffects. The thermal bioeffects are specified by heating of tissues when the enhanced temperature of 0.1 C is indicated in the biological object studied due to the exposure of the SHF electromagnetic field characterized by the power amplitude of more than 10 mW/cm 2 . Otherwise, the nonthermal effects are considered. While bioeffects due to the powerful SHF electromagnetic radiation influence has received the theoretical explanation and are consistent with experimental investigations, bioeffects induced by the low intensity SHF electromagnetic non-ionized radiation are still poorly understood being quite often not consistent enough or even contradictory and hardly replicated. As a result, the hypotheses on the physical mechanisms of influence of such radiation on the biological objects within the wide range of different evolution levels (from a one-celled organism up to a human) are still absent. Usually, the scientific reports are focused on a cause-effect relationship, addressing versatile adverse health effects (e.g. cancer, CNS anomalies, endocrine and metabolic dysfunctions, blood and lymph illnesses etc.) induced by various sources of SHF non-ionized radiation as the radio equipment, radio-location sites, radars, telecommunicaion, wireless devices, Hi-Fi towers, power lines etc. As a matter of fact, electromagnetic waves are an important ecological factor and the investigation of bioeffects of the electromagnetic wave influence is the issue of the day, both for health protection and for the establishment of necessary hygienic norms to supply occupational safety.
In spite of lack of the universal approach to study SHF radiation bioeffects, the electromagnetic wave penetration into the human organism was investigated by many scientists and a number of approximations were proposed on the basis of electromagnetic field theory [4, 5] . For instance, the biological response approximated by the model of plane layers was studied. The frequency dependence of energy absorption for various combinations of plane layers was stressed [6] . This approach is used in a mathematical model presented below.
Materials and methods
Mathematical model. To study the influence of EM fields on the human brain a spherical model was chosen. From the physical point of view, the effect of the external electromagnetic background on the brain can be presented as penetration of electromagnetic waves into a human head considered as a stratified sphere. Its individual layers are characterized by different electrical conductivity σj and dielectric constant εj, where j reads for a given layer. The sphere is assumed to be surrounded by an unlimited space of electrical conductivity σ0 = 0 and dielectric constant ε0. The magnetic permeability is chosen to be equal to that of the vacuum (μ0). The head along with its tissues and bones is assumed to be nonmagnetic. The model adopted allows to estimate the penetration of the external magnetic field into the head and to calculate the field attenuation using both the estimates of the magnetic field penetrated into the brain and electric field amplitudes induced. Taking into account that the sphere considered is rather small (the radius of the human head is about 15 cm) the external exciting field can be accepted to be homogeneous if EM waves are considered at f  300 MHz (i.e. waves of a wavelength λ  1 m are considered only).
The spherical model in the homogeneous oscillatory magnetic field is shown in Fig. 1 . As seen, polar axis of spherical coordinates is parallel to the external magnetic field 0 H which is accepted to be a time harmonic function described by it e  , where 2 f    is an angle frequency. This homogeneous field is of the colloidal type since a radial component 0 r H perpendicular to spherical concentric interfaces is not equal zero (Fig. 1 ). The classic theory of the EM field for spherical coordinates is used in calculations [6, 8] . Using Maxwell equations for the harmonic field the vector wave equation for the magnetic field H is: [9] , the magnetic field components are expressed as follows:
As known, the electric field E generated by H is described by the Maxwell equation as follows:
In case that the exciting magnetic field H is of the colloidal type (in other words, H is independent on the azimuthally coordinate φ), and keeping in mind the orthogonal of vectors H and E, the electric field induced is described in spherical coordinates by the φ component only. Then based on (2) and (3) j n  E reads:
. Table, where j  and j  values are accepted according to [4, 7] . In the layer j = 3, where the inner sphere centre r = 0 is located, the coefficient 3 n B (see [8] ) is accepted to be zero since 00 ( ) . H the electric field 1  E is induced in the spherical body. Its intensity does significantly depend on the frequency given and enhances with the increasing f [7] . To display the corresponding plots the electric field values are modified using a proper multiplication M to satisfy M  f = 10 E values of the same order as far as individual frequencies are concerned. As seen in Fig. 4, for f  10 6 Hz the electric field intensity in the sphere decreases quite linearly in the direction to its centre. The exponential decrease of the electric field amplitude with the depth takes place for f = 10 8 Hz, which leads to the so-called skin effect (Fig. 4) .
According to the calculated plots of the distribution of field components, those for f  10 6 Hz keep their amplitudes unchanged regardless of the depth of penetration. The attenuation of component amplitudes is apparent only for frequencies 10 7 and 10 8 Hz. The electric field induced increases with the increasing frequency of the external field. On the other hand, at f ≤ 10 6 Hz, the electric field amplitude generated decreases linearly with depth, while the field amplitude for f = 10 8 Hz reveals the exponential decrease with depth, i.e. the so-called skin effect takes place.
The EM field influence at f  10 6 Hz demonstrating an apparent attenuation results in thermal effects (Joule heating), which are harmful to head tissues (i.e. proper conditions of biosecurity in the vicinity of radars are of importance).
Conclusions
The spherical three-layered model (approximation of a human head) exposed to the homogeneous oscillatory magnetic field of the colloidal type is considered. Numerical calculations show that EM field influence is a function of frequency exposed. At frequencies f  10 6 Hz the magnetic field penetration into the head is practically unchanged which is a physical basis for a plausible effect on the CNS and consequently on decisionmaking man's activities. On the other hand, the apparent EM field attenuation characteristic for f ≥ 10 7 Hz indicates that the penetrated field may be harmful to tissues due to Joule heating effects. The plausible different channels of the EM field influence on the human brain need research efforts on the interdisciplinary basis [2] .
